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(54) A transmitter 



(57) A transmitter has an input for receiving a signal, 
gain controller for applying a first gain to the received 
signal, a first path for providing a second, relatively high 
gain for the received signal, a second path for providing 
a third, relatively low gain for said received signal, a 
transmitter for transmitting a signal and a controller to 
cause a received signal to pass through the gain con- 



troller and the first path when a relatively high gain is to 
be applied to the received signal and to cause a received 
signal to pass through the gain controller and the second 
path when a relatively low gain is to be applied to the 
received signal. When a change is made from using one 
of the first and second paths to using the other, the pow- 
er of the signal transmitted by the transmitter varies by 
less than or equal to a predetermined amount. 
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Description 

[0001] The present invention relates to a transmitter 
and a msthod tor gain control in a transmitter. In partic- 
ularly, but not exclusively, the present invention relates 
to a transmitter and a method for gain control in a trans- 
mitter such as in a spread spectrum multiple access sys- 
tem using, for example code division multiple access 
(CDMA). The transmitter and method may be used in a 
cellular telecommunications network. 
[0002] Figure 1 shows a known transmitter of a mobile 
station used in a cellular telecommunications network. 
The transmitter 1 comprises an antenna 2 which Is used 
to receive and transmit signals. It should be appreciated 
that the transmit part only of the mobile station is shown 
in Figure 1 . The signal to be transmitted can be regarded 
in the illustrated transmitter 1 as being two signals, one 
of which is the sine component and the other of which 
is the cosine component. These components are alter- 
natively referred to as Ihe I and Q components. The I 
and Q components are initially at a baseband frequency. 
The I and Q signals are in digital form initially and are 
converted to analogue signals by respective digital to 
analogue converters (DAC) 3a and 3b. The output of 
each of the digital to analogue converters 3a and 3b is 
connected to a respective lowpass filter 4a and 4b. The 
lowpass fitters 4a and 4b fitter out undesired compo- 
nents which are introduced by the digital to analogue 
converters 3a and 3b. 

[0003] The output of each of the digital to analogue 
converters 4a and 4b are input to an IQ modulator 5. 
The IQ modulator 5 includes two mixers 5a and 5b which 
mix each of the I and Q signals with a signal from a first 
local oscillator 7 to provide resulting bandpass signals 
at an intermediate frequency. It should be noted that the 
signal which is mixed with the Q component is 90** out 
of phase with the signal which is mixed with the I com- 
ponent of the signal. This 90** phase delay is introduced 
by delay element 5c. The resulting I and Q signals which 
are now at the intermediate frequency are then summed 
by a summer 5d of the modulator 5 to provide a single 
bandpass signal. 

[0004] The output of the summer 5d is input to a first 
amplifier 9 which amplifies the output of the summer 5d. 
The output of the first amplifier 9 is input to a first band- 
pass fitter 11 which filters out any undesired compo- 
nents of the signal which have been introduced by the 
first amplifier 9. The output of the first bandpass filter 11 
is input to a first gain control block 13 which applies a 
gain to the signal output by the first bandpass filter 1 1 . 
The first gain control block 13 receives a control signal 
1 3a which determines the amount of gain to be applied 
by the first gain control block 13. 
[0005] The output of the first gain control block 13 is 
Input Into a mixer 6 which also receives an Input from a 
second local oscillator 8. The output from the second 
local oscillator 8 is mixed with the output from the first 
gain control block 13 to provide an output signal which 



2 

Is at the radio frequency i.e. the frequency at which the 
signal is to be transmitted by the antenna 2. 
[0006] The output of the mixer 6 is input to a second 
bandpass filter 15 whk:h filters out any undesired com- 

s ponents introduced Dy the mixei 6. The output of the * 
second bandpass filter 15 is input to a second amplifier 
17 which amplifies the signal. The output of the second 
amplifier 17 is input to a second gain control block 10. 
The second gain control block 10 receives a control sig- 

10 nal 12 whbh determines the gain to be applied to the 
signal. In particular, the second gain control block 10 
varies the amount of gain applied to the input signal in 
dependence on the control signal 12. The output of the 
second gain control block 10 is input to a high power 

IS amplifier 14 which amplifies the signal by a fixed 
amount. The output of the high power amplifier Mis out- 
put to the antenna 2 via a duplex filter 42. 
[0007] However, it is often useful to be able to meas- 
ure the power of the signal which is transmitted. Accord- 

20 ingly, a directonal coupler 16 or similar device Is provid- 
ed. The coupler 16 allows a small proportion of the sig- 
nal to be transmitted to be removed. The power level of 
that snnall proportion of the signal is measured using a 
radio frequency to DC rectifier 18, consisting of a diode 

2S and passive component(s). By suitable scaling, a volt- 
age value indicative of the power level of the signal 
which is to be transmitted can be obtained. 
[0008] The duplex filter 42 has a transmit portion 42b 
which is tuned to the radio frequency The transmit por- 

30 tion 42b removes undesired components introduced by 
the transmission chain. The receive frequency is differ- 
ent from the transmit frequency. The duplex filter 42 also 
has a receive portion 42a which is tuned to the receive 
frequency. 

35 [0009] The signal to be transmitted may be either a 
speech or data transmission and may be a combination 
of the two, depending on the use being made of the 
transmitter. For convenience, any references hereinaf- 
ter to the type of signal being transmitted will be termed 

40 speech mode and data mode of the transmitter In 
speech mode, the required power of the transmitted sig- 
nal may be relatively low. because the gain of CDMA 
systems is relatively high for kDW bit rate services. How- 
ever, in data mode the required power of the transmitted 

45 signal may be relatively high, because the gam lowers 
when the user data rate is Increased. 
[0010] The transmitter 1 shown in Figure 1 is not par- 
ticularly suitable for a system which requires high power 
control accuracy and high power control dynamic range. 

so One example of such kind of system is CDMA. This is 
because in a CDMA system, the mobile station trans- 
mitter will often operate at a relatively low power level. 
If the arrangement shown in Figure 1 is used, the entire 
transmission chain, particularly the power amplifier, will 

ss still consume power even if the power level required for 
the transmitted signal is relatively low. This means that 
the average power consumption Is high and the life of 
the battery between chargings is reduced. 
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(001 1 1 Typically in WCDMA systems, the information 
r%r r^!.- ni ihp THnsmitted signal may be in the approxi- 
fn ii,- f.rKic oi 12 2kbps for speech signals 144kbps (or 
c^oM Ml, ic rv"-:w,t;ps, (or data transmission. It is under- 
M - f. r tt-.j! 10 7dB (10log 144^-12.2) less trans- 5 
rnit.M. ,f ; .a - nccdod lor transmission at 12.2kbps 
rif»(] I '^^^u, ^ This i0.7dB difference in the power 
tc<i ii-."'.. • ■ J.- r >isos the efficiency of power amplifier 
in . ? smcc the power efficiency of a power 

rirnpi f«. cK*- .'o.ibcs Hi lower output powers. io 
|0012) Mcicerizc ts now made to the arrangement 
srovvf^ f frjufc 2 Figure 2 shows a transmitter 19 
whcN I- us^xi lof TDMA mobile stations and which is 
discK.r>.*.r * ^ A 5152004. In the arrangement shown 
in FiQu'* : s^.jrvii which is to be transmitted and is 
when If oGuoncy is Input to a power divider 

20 J he ^ >^ * 1* J cjivices a signal into two parts. 
One p^%f'- a r . **jrv«' IS inpui to an amplifier 22 whilst 
the oihc ;>t- r# »v «rfCFvii IS input to an attenuator 24. 
When rt ^'jr i»^iT>rTiiiiod signal is required, the 20 

sigurtl lb r^f :% ijy ttnj puwv;f amplifier 22 and output 
to the nniefvt,, : t \j^c^ct when the transmitted signal 
is to hHvc >^-«^* trie power amplifier 22 is not used 
and the &»crxt» or> y pii^oco through the attenuator 24 to 
provide 1 1 k>wc' p':>wcf c»qn;j} The lower power signal is 2S 
output by t^o *«iior^urtiof 24 to the antenna 2. Whilst pow- 
er consunnpiK:*^ is reduced the transmitter 19 shown in 
Figure 2 hns tr c cts^^iclvHntago that the output power lev- 
el will nor <itw.^ys havo a smooth transition when a 
change ts mr«co from the palh using the power amplifier 30 
20 and the p<ii"i using iho attenuator 24. This is because 
the arrangement of JS-A-51 52000 does not have any 
circuitry which cnn provide accurate and hence snnooth 
power com 01 wnen changes between the power ampli- 
fier and the attcnu^ior paths take place. This gives rise 36 
to glitches (in^curacics) in the power control of the sig- 
nal to be transmiftec which is disadvantageous. 
[0013] The arrnngonnent of US-A-51 52004 uses real 
time (anaioguoi feedback for the power control. Real 
time feedback is possible for narrowband systems (as 
TDMA usually is) However, for wideband systems 
(such as CDMA I analogue feedback would lead to prob- 
lems for cxan-pic m stability. Thus non-real time (digital) 
feedback is prefer red tor wideband systems (CDMA). 
[0014J US^ t>ooi4a4 (Fujitsu) discloses a iransceiv- 46 
er for use ir a wirokjss local area network whk:h has two 
amplifiers connected m scries Where a lower level of 
amphhcalicri ib legutied. one of Ihe two amplifiers can 
be bypassed This tidnsceivei suffers from the same 
disadvantages as US-A-51 52004. SO 
[0015] The Signal which is modulated prior to trans- 
mission iG gorerally modulated using a digital modula- 
tion method V/r>cn .i linear (digital) modulation method 
(such as band limited QPSK) is used, if the transmitter 
is not linear spectrum spreading to adjacent channels ss 
can occur This c^n bo a problem for CDMA systems. 
This lea.-li; in h rrrturiion in the quality of the transmis- 
sions and can riiso reduce the system capacity. If the 



transmitter is linear or substantially linear, the problem 
of spectrum spreading to adjacent channels can be re- 
duced. The linearity of the transmitter is largely depend- 
ent on the operating characteristics of the power ampli- 
fier Highly linear power amplifiers could be used to re- 
duce the amount of spectrum spreading to adjacent 
channels. However, the power efficiency of linear am- 
plifiers is poor. Less linear amplifiers are nrK>re efficient 
and in particular consume less power for the required 
amplification. It has therefore been proposed to use 
nonlinear amplifiers but with compensation for the non- 
linearity of the amplifier. 

[0016] One method of compensation is digital predis- 
tortion. With this method, before a signal is input to a 
power amplifier, it is predistorted in a nonlinear manner. 
This predistortion is the inverse of the distortion which 
is applied by the amplifier. Accordingly, the predistorted 
signal is input to the amplifier which provides a linear 
output. However, whilst this method provides improved 
power consumption if the signal is to be transmitted with 
a relatively high power level, the power efficiency is low- 
er when the signal is transmitted with a lower power lev- 
el.. This is because the predistortion part of the transmit- 
ter consumes the same amount of power regardless of 
the power level of the signal to be transmitted. Since 
CDMA mobile stations will tend to use lower power lev- 
els, there may be little power saving as compared to sim- 
ply using a linear power amplifier. 
[0017] It is an aim of certain embodiments of the 
present invention to provide a transmitter which makes 
more efficient use of power and which avoids glitches in 
the power level of the signal to be transmitted. 
[0018] According to a first aspect of the present inven- 
tion, there is provided a transmitter comprising: an input 
for receiving a signal; gain control means for applying a 
first gain to the received signal; first path means for pro- 
viding a second, relatively high gain for said received 
signal; second path means for providing a third, relative- 
ly high low gain for said received signal; transmitter 
means for transmitting a signal; and control means op- 
erable in use, to cause a received signal to pass through 
the gain control means and said first path means when 
a relatively high gain is to be applied to the received sig- 
nal and to cause a received signal to pass through the 
gain control means and said second path means when 
a relatively low gain is to be applied to said received 
signal, wherein when a change is made from using one 
of said first and second path means to using the others 
of said first and second path means, the power of the 
signal transmitted by the transmitter varies by less than 
or equal to a predetermined amount. 
[0019] It is possible to ensure that the power of a sig- 
nal transmitted by the transmitter means remains sub- 
stantially the same or only varies by a small amount. 
The glitches which would occur with the prior art ar- 
rangements can be avoided. The power of the signal 
transmitted may be identical before and after making a 
transition between the first and second path means or 
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there may be a difference in the power level before and 
after making such a transition. This difference may be 
relatively small. The output power of the transmitter 
meanc is preferably monotonic. particularly when the 
power level is generally Increasing or generally decreas- 
ing. 

[0020] Embodiments of the present invention are par- 
ticularly applicable to transmitters which have a high dy- 
namic power range and small power control step size. 
The power step size is preferably equal to the predeter- 
mined amount. For example, the step size may be 1 dB. 
[0021] Measuring means may be provided to provide 
a value indicative of the value of the power level of the 
signal to be transmitted by the transmitting means. The 
measuring means may take any suitable form and may 
for example be provided by a combination of coupling 
means and power measuring means. 
[0022] The measuring means may provide a refer- 
ence value when a signal passes through the second 
path means and gain of the gain control means has been 
set at a predetermined level, and the control means, 
when the measuring means provides the reference val- 
ue when a signal passes through the first path means, 
causes a received signal to pass through the second 
path means. The predetermined gain level may be the 
maximum gain of the gain control means. 
[0023] When the change is nnade so that a received 
signal passes through the second path means, the gain 
of the gain control means may be set to the predeter- 
mined gain level. This may ensure that the power level 
of the output signal remains the same or of a similar val- 
ue when a transition is made from the first path means 
to the second path means. 

[0024] Preferably, when the measuring means pro- 
vides a predetermined value when a received signal 
passes through the second path means, the control 
means causes a received signal to pass through the first 
path means. This may occur In a tuning mode of oper- 
ation. Preferably, when a signal passes through said first 
path means and the measuring means provides the pre- 
determined value, the corresponding gain value defines 
a reference gain value. Preferably, the gain of the gain 
control means is set at the reference gain value when 
the control means causes a received signal to change 
to the first path means. 

[0025] The predetermined value of the measuring 
means is preferably the same as the reference value of 

the measuring means. 

[0026] Preferably, when the control means subse- 
quently causes a change from the first path means to 
the second path means, the gain value of the gain con- 
trol means which causes a received signal passing 
through the first path means to provide the predeter- 
mined value at the measuring means is stored as a new 
reference gain value. A new gain reference value may 
be stored each time there is a change from the first path 
means to the second path means. 
[0027] Preferably, when the control means subse- 



quently causes the change from the second path means 
to the first path means, the value of the measuring 
means caused by a received signal passing through the 
second path means when the gain of the gain control 

5 means is at the predeiefrriined level is stored as « new 
reference value. Again, it is preferable that the reference 
value be updated each time there is a change from the 
second path means to the first path means. 
[0028] Preferably a temperature sensor is provided 

10 and the control means is arranged to compensate the 
reference gain value for variations in the temperature. 
Preferably, a temperature sensor is provided and the 
control means is arranged to compensate the reference 
value of the measuring means for variations in temper- 

is ature. 

[0029] The gain of the first and/or second path means 
are preferably constant. Thus, the variations in the out- 
put power level of the signal can be simply controlled by 
the gain control means. However, the gain of the first 

20 and/or second path means may be variable. 

[0030] Preferably, the power level of the signal trans- 
mitted by the transmitter is increased or decreased by 
a predetermined amount when changing between the 
first and second path means. For example, in a typical 

25 CDMA system, this may be of the order of 1dB. 

[0031] The first path means may comprise amplifier 
means for amplifying a received signal. Predistortion 
means may be provided for predistorting a received sig- 
nal prior to the signal passing through said amplifier 

30 means, whereby said predistortion means is arranged 
to substantially compensate for non-linearity of said am- 
plifier means, the control means being arranged if the 
power level of the signal to be transmitted by the trans- 
mitter means is below a predetermined level, the signal 

35 does not pass through said predistortion means and if 
the power level of the signal to be transmitted by the 
transmitter means is above a predetermined level said 
received signal passes through said predistortion 
means and said amplifier means. When digital predis- 

40 tortion is not used, the second path may be used. 

[0032] Thus, the predistortion means is only used 
when the power level of the transmitted signal is rela- 
tively high and the non-linearity of the amplifier means 
is most likely to cause problems. The predistortion 

45 means thus compensates for the nonlinear characteris- 
tics of the amplifier means. If the amplifier means are 
nonlinear, more efficient use of power can be achieved. 
However, when the power level falls below a predeter- 
mined level, the predistortion means are not used, thus 

50 saving the power required to operate the predistortion 
means. 

[0033] Preferably, bias control means are provided for 
controlling the biassing applied to the amplifier means, 
whereby when the power level of the signal to be trans- 
55 mitted by the transmitting means is above the predeter- 
mined level, then the amplifier means is controlled by 
the bias control means to operate non-linearly. This gels 
the maximum power efficiency out of the transmitter 
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even allowing for the extra power consumption required 
by the predistortion means. 

[0034] If the power level of the signal to be transmitted 
by said transmitter is below the predetermined level, the 
amplifier means are controlled by the bias control s 
means to operate substantially linearly. Thus, the signal 
may pass through the amplifier which as it Is controlled 
to operate in a linear fashion, gives a linear output. How- 
ever, in some embodiments of the present invention, the 
bias voltage applied to the amplifier may be only to avoid io 
significant temperature changes in the amplifier means 
between the amplifier means being last used prior to the 
switching to the bypass path and being next used. 
[0035] The first path may comprise a plurality of am- 
plifiers arranged in series; and the second path bypass- is 
es at least one of said plurality of amplifiers. 
[0036] In this arrangement, a plurality of amplifiers are 
connected in series at least some of which are by- 
passed. For example, if three amplifiers are provided, 
one or two amplifiers could be bypassed to provide the 
second path whilst all three amplifiers could be by- 
passed to provide a third path. This arrangement has 
the advantage that more power consumption savings 
and increased power control range can be achieved. 
The number of amplifier stages which a signal passes 2S 
through can thus be controlled. 

[0037] Preferably, the transmitter which may be a ra- 
dio frequency transmitter described hereinbefore can be 
Included in the mobile station. The mobile station may 
be arranged to work in a spread spectrum communica- 30 
tions system. That spread spectrum communications 
system may use code division multiple access. 
[0038] According to a second aspect of the present 
invention, there is provided a method for controlling gain 
of a transmitted signal comprising the steps of: receiving s$ 
an input signal; applying a first gain to the Input signal; 
causing a received signal to pass through a first path 
providing a second, relatively high, gain when a relative- 
ly high gain signal is required and causing a received 
signal to pass through second path means providing a 40 
third, relatively low. gain when a relatively low gain is 
required; and 

controlling the gain applied to the input signal so 
that when a change is made using one of the first and 
second paths to using the other of said first and second 4S 
paths, the power of the transmitted signal varies by less 
than or equal to a predetermined amount. 
[0039] According to a third aspect of the present in- 
vention, there is provided a transmitter comprising an 
input for receiving a signal; first path means for providing so 
a first, relatively high gain for said received signal; sec- 
ond path means for providing a second, relatively low 
gain for said received signals; and transmitter means for 
transmitting a signal, wherein said received signal com- 
prises speech signals or data signals or a combination ss 
of speech and data signals. 

[0040] Preferably the content of the received signal 
may include either a speech signal, a data signal, or a 



combination of speech and data signals. 
[0041] For a better understanding of the present in- 
vention and as to how the same may be carried into ef- 
fect, reference will now be made by way of example to 
the accompanying drawings in which;- 

Figure 1 shows a first known transmitter; 
Figure 2 shows a second known transmitter; 
Figure 3 shows a schematic view of a first transmit- 
ter embodying the present invention; 
Figure 4 shows a schematic view of a second trans- 
mitter embodying the present invention; 
Figure 5 shows a schematic view of a third trans- 
mitter embodying the present invention; 
Figure 6 shows a schematic view of a fourth trans- 
mitter embodying the present invention; 
Figure 7 shows a typical cellular network in which 
embodiments of the present invention can be used; 
Figure 8a shows a further embodiment of the 
present invention suitable for speech and data 
transmission; 

Figure 8b shows another further embodiment of the 
present invention which is suitable for speech and 
data transmission; and Note that all Figures before 
Figure 8 can be understood as speech only cases 
(or data only cases) 

[0042] Reference will now be made to Figure 3 which 
shows a first embodiment of the present invention. In 
particular. Figure 3 shows a transmitter for a COMA mo- 
bile station. Those elements which are the same as 
those shown in Figure 1 are referred to by the same ref- 
erence numerals. 

[0043] The I and Q signals are converted by the re- 
spective digital to analogue converters 3a and 3b to dig- 
ital signals. These digital signals are filtered by the re- 
spective tow pass filters 4a and 4b. The output of the 
lowpass filters 4a and 4b are mixed with the signal from 
the first local oscillator 7 to provide signals at the inter- 
mediate frequency and combined by the summer 5d of 
the IQ modulator 5. As with the arrangement shown in 
Figure 1 the signal from the first local oscillator com- 
bined with the Q signal is 90° out of phase with respect 
to the signal combined with the I signal by virtue of delay 
element 5c. The combined signal output from the mod- 
ulator 5 is Input to the first amplifier 9 where the signal 
Is amplified. The output of the first amplifier 9 is filtered 
by the first bandpass filter 11. The output of the first 
bandpass filter 11 is input to the gain control block 13 
which applies a gain or attenuation to the signal in ac- 
cordance with a control signal 1 3a from a control circuit 
48. In other words the gain applied can be a positive or 
negative gain. 

[0044] The output of the gain control block 1 3 is ap- 
plied to the mixer 6 where the modulated signal is mixed 
with the signal from the second local oscillator 8 to pro- 
vide an output which represents the signal at the radio 
frequency. The output of the mixer 6 is input to the sec- 
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r^ri b-mdpass filter 15 where the signal is filtered. The 
t.".'fi--rj MrjrHl is input to the second amplifier which am- 
{ • * • tho sigriHl The output of the second amplifier 17 
I . tr.: iu n second gain control block 26 whi^h w ar- 
' 1* J. .: o tcccwc ri control signal 28 from the control 
^ . • It If second gain control block 26 of Figure 3 
J f , tf rfi \ti t\ oi Figure 1 in its operation, as will be 
a* . : iTK^ic detail hereinafter. 
|004S| Tfic output of the gain control block 26 is input 
ic rt ifM switcn DO In one position, the first switch 30 
wdi : jnncc- the ojiput of the gain control block 26 to the 
in^u* 1 hicjh power amplifier 32. It should be appreci- 
n\oa N'ti the pDwcf amplifier can be replaced by several 
rimpi uo ^ m scfic's The amplification of the power am- 
pific! 3r e. pioio rttMy but not necessarily fixed. When 
the li st %m<i^ t x «b Its second position, it will connect 
iho ouip^ii erf >tn cont'ol block 26 to a bypass path 
34 Tr>c yx fTviy provide no gain, attenua- 

tion c rt !y/r\*ii Lkrjr oc oi ^tmpiification. less than that pro- 
vided b> rifT%}i*\t'ji 32. 
[0046] A £»iA.i.«o frMib^tt 36 IS arranged to connect a 
coup cr 3r to !f>o jotpu! ot the power amplifier 30 or the 
bypHss C-» Tr>c positon of the second switch 36 
will dcpcoc on tr*c poc^rtion o* the first switch 30. Thus 
when the lust owncfi 30 c^iuocs the output of the second 
gain contrd bioc*^ 26 ic be input to the power amplifier 
32. the socorvd switch 36 will connect to the output of 
the power ampiitief 32 to the coupler 38. When the first 
switch 30 crvyn*>r*f.\t\n output of the second gain control 
block 26 to thr hyp^^s path 34, the other end of the by- 
pass path 34 Witt be connected, via the second switch 
36. to the coupkjr 38 

[00471 In the embodiment shown in Figure 3, the out- 
put of the coupler 38 is connected to the duplex fitter 42. 
The duplex filter 42 comprises two portions. The first 
portion is the receive filter portion 42a which is tuned to 
the frequency of the signal to be received by the antenna 
2. The second portion of the duplex filter 42 is the trans- 
mit filter portion 42b which is tuned to the radio frequen- 
cy of the signal to be transmitted by the antenna 2. 
[0048] The second output of the coupler 38 is con- 
nected to a RF to DC rectifier 44. As with the arrange- 
ment of Figure 1 the first coupler 38 allows a small pro- 
portion ot mc signni to be transmitted to be fed to the 
RF to DC rect tier 44 so that, after suitable scaling (not 
shown) a voiiHqc irxJicative of the power of the signal 
to be transmitted cnn be obtained. The output of the RF 
lo DC rectiliei 44 will be releired to as Vdel. 
[0049] A cuiitiU cncuit 48. which may be a digital sig- 
nal processor (DSP) or any other suitable digital or an- 
alogue control logic circuitry, is arranged to provide the 
control sign. il 25 which is used to set the gain of the gain 
control block 26 oo that a desired power level for the 
signal to bo ir<fnsmi:ied can be achieved. The desired 
power Icvo' mny be bnsed on a number of different fac- 
tors for cxHrnok? the strength of a previously received 
signal etc Thr rnntrol circuit 48 also is arranged to con- 
trol the posilon ol iho first and second switches 30 and 



36. via control signals 29 and 31 respectively The con- 
trol circuit 48 also receives the output Vdet of the RF to 
DC rectifier 44, via line 35. The control circuit 48 may 
carry out any necessary scaling of the output of the RF 

5 to DC rectifier 44. 

[0050] The control of the embodiment shown in Figure 
3 will now be described. The embodiment shown in Fig- 
ure 3. when first used, is initialised. This initialisation can 
be carried out in the factory where the transceiver Is 

10 made and/or can be carried out in a tuning mode of op- 
eration when the transceiver is actually used. The gain 
of the second gain control block 26 is set by the control 
signal 28 to the maximum value. The desired power lev- 
el may also be determined according to the mode of op- 

is eration of the transmitter i.e. speech mode and/or data 
mode. The output of the second gain control block 26 
then passes through the bypass path 34. The control 
circuit 48 controls the first and second switches 30 and 
36. via signals 29 and 31 respectively, to have the ap- 

20 propriale positions to allow the signal to pass through 
the bypass path 34. The output of the RF to DC rectifier 
44 provides a reference voltage Vref which is stored by 
the control circuit 48. Thus, the reference value Vref cor- 
responds to the power of the signal when the second 

2B gain control block 26 has maximum gain and the signal 
passes through the bypass path 34. It is also possible 
that the second gain control block can be used for cali- 
bratksn. 

[0051] Next, the control circuit 48 controls the first and 
30 second switches 30 and 36 so that the output of the sec- 
ond gain control btock 26 is input to the power amplifier 
32. The gain of the gain control block 26 is reduced by 
control signal 28 until the output of the RF to DC rectifier 
44 is the same as Vref. The value of the gain required 

35 in these circumstances is stored as ILref and provides 
a reference ^in for the second gain control block 26. 
[0052] When the embodiment shown in Figure 3 is 
controlled by the control circuit 48 so that the signal 
switches to passing through the power amplifier 32 in- 

40 stead of passing through the bypass path 34, for exam- 
pie when the mode of operation of the transmitter chang- 
es from speech mode to data nKxje or if the power re- 
quired for the existing mode increases, the following oc- 
curs. If a switch is made from the bypass path 34 to the 

45 power amplifier 32, the transmitted power may be in- 
creasing. Initially, the signal passes through the bypass 
path 34. When the value of the gain of the second gain 
control block 26 has been increased so that the gain val- 
ue I L is at its maximum, the output of the RF to DC rec- 

so tifier 44 is stored as a new reference voltage value Vref. 
If the power level is to be increased further, the control 
block 48 controls the first and second switches 30 and 
36 so that the output of the second gain control block 
26 is input to the power amplifier 32. If the desired power 

ss level of the signal to be transmitted is increased, the gain 
of the second gain control block 26 will be ILref plus the 
power increment. In CDMA systems, the power level for 
successive transmissions may vary by IdB. According- 
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ly. the power increment may, in some embodiments, be 
IdB. It should be appreciated that a switch from the by- 
pass path 34 to the power amplifier 32 can also take 
place even when the desired power level of the signal 
to be transmitted does not change. In those circum- s 
stances the gain control value for the second gain con- 
trol block 26 will be ILref, when the switch has been 
made from the bypass path 34 to the power amplifier 32 
path. 

[0053] When the power is generally decreasing, for io 
example when changing from data mode to continue the 
transmission in speech mode only or if the power re- 
quired for the existing mode decreases, a switch may 
be made from the path through the power amplifier 32 
to the bypass path 34. Initially, the path will be through is 
power amplifier 32. When the output of the RF to DC 
rectifier 44 is Vref (possibly after adjustment by the con- 
trol circuit 48 as discussed hereinbefore), the control cir- 
cuit 48 controls the first and second switches 30 and 36 
to cause the output of the second gain control block 26 20 
to pass Ituough the bypass path 34. The gain control for 
the second gain control block 26 is then set by control 
signal 28 to the maximum gain IL minus the power dec- 
rement value i.e. IdB. If the change from the path 
through the power amplifier 32 to the bypass path 34 2S 
takes place when the output power has not changed or 
IS not changing, the gain of the second gain control block 
26 will be set just to the maximum gain value IL. 
[0054] It Should be noted that switching between the 
bypass path 34 and the power amplifier path 32 at the 30 
maximum gain value of the second gain control block 
26 provides the transmission with the maximum dynam- 
ic range. 

[0055] In practice, the operating conditions of the cir- 
cuit shown m Figure 3 will change over time so that the ^5 
initially calculated value Vref and ILref may no longer be 
the correct values for these parameters. For example, 
the behaviour of the circuit shown in Figure 3 may vary 
with temperature. Accordingly, a temperature sensor 50 
may be provided. The output of temperature sensor 50 40 
is connected to the control circuit 48. The control circuit 
48 may include a look-up table which provides correc- 
tion values for the ILref gain value in relation to temper- 
ature. Thus, as the temperature changes, the value of 
ILref will be updated. 4S 
[0056] For each temperature value, a corresponding 
value for the reference gain value ILref and the refer- 
ence voltage Vref is stored. It should be noted that in 
practice, the output of the temperature sensor will be in 
analogue form and will be converted to digital fomi and so 
the values stored for the temperature may not represent 
absolute values. Rather, the values stored in the table 
may represent relative values. The temperature de- 
pendent values of the gain IL are used to eliminate or 
reduce possible glitches when switching from the by- ss 
pass path 34 to the power amplifier 32. These glitches 
may be caused by the gain of the power amplifier 32 
drifting due to changes in temperature. The temperature 



dependent values of the reference voltage Vref are used 
to eliminate or reduce glitches which occur when switch- 
ing from the power amplifier 32 to the bypass path 34. 
These glitches may occur as a result of drifts in the gain 
of the transmitter chain prior to the power amplifier 32, 
again due to changes in the temperature. 
[0057] When a switch from the bypass path 34 to the 
power amplifier 32 is performed, the value read by the 
temperature sensor 50 is read. The ILref value, which 
corresponds to the read temperature value or a temper- 
ature value in the look up table which is closest to the 
read temperature value, is read from the look up table. 
This ILref value is then used as the new gain value when 
the change is made from the bypass path to the power 
amplifier. Alternatively if a sensed temperature value is 
not included in the look up table, a linear approximation 
or the like is used with the two ILref values correspond- 
ing to the temperature values in the look up table on ei- 
ther side of the sensed temperature value. The value of 
Vref is also updated. In particular, the sensed value of 
the voltage Vdet when the gain is at its maximum and 
the bypass path 34 is being used is stored as the new 
Vref value for the sensed temperature. 
[0058] When switching from the power amplifier 32 to 
the bypass path 34, the temperature is sensed and 
when the voltage has the value of Vref corresponding 
to the sensed temperature a switch to the power ampli- 
fier path is made. The value of ILref is updated at the 
same time. In particular, the gain value power which oc- 
curs for the Vref value when the amplifier path is used, 
for the read temperature, will replace the value currently 
in the table. Similar methods to that outlined In respect 
of ILref can be used to obtain the required Vref value if 
the sensed temperature does not correspond exactly to 
any of the temperatures In the look up table. 
[0059] In this way changes in characteristics of the 
transceiver over time can be compensated for in that the 
values of ILref and Vref will continually be updated. 
[0060] Thus, the value of Vref for the detected tem- 
perature is updated each time a transition is made from 
the bypass path 34 to the power amplifier path 32. In 
particular, when the gain I L is at a maximum, the detect- 
ed value Vdet (suitably adjusted by the control circuit 48 
if necessary) will be stored as the new Vref value for the 
detected temperature. Additionally, ILref for the detect- 
ed temperature is updated each time a transition is 
made from the power amplifier 32 path to the bypass 
path 34. In particular, when Vdet is the same as the cur- 
rently stored reference value Vref and the signal is pass- 
ing through the bypass path 34, the current value of the 
gain is stored as ILref for the detected temperature. 
[0061] The arrangement in Figure 3 is usually such 
that the time between changes between the path 
through the power amplifier 32 and the bypass path 34 
are relatively short. This means that the operating con- 
ditions will be almost the same as when Vref and ILref 
were last updated. Thus, a relatively smooth transition 
in the power level of the transmitted signal can be 
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achieved even when transitions are made between the 
power amplifier 32 path and the bypass path 34 In this 
situation, the temperature sensor may be dispensed 
with and only a slns?e Vref and ILref value would be 
stored. The temperature sensor is useful in those em- 
bodiments where there may be significant changes in 
the temperature between each transition between the 
power amplifier 32 and the bypass path 34. 
[0062] \Nhen the bypass path 34 is used, the power 
amplifier 32 can be switched off, thus increasing power 
efficiency. In one modification, the power amplifier 32 
can have a different bias voltage applied thereto when 
the signal passes through the bypass path 34. By 
changing the biasing applied to the power amplifier 32 
the operating characteristics of the amplifier 32 can be 
changed. The amplifier 32 may be biased so as to op- 
erate with a low power consumption. In other words , the 
biasing voltage may be applied to the amplifier 32 even 
though the signal is not passing through the amplifier 
32. This has the advantage that the temperature varia- 
tions in the amplifier 32 can be minimised whilst the am- 
plifier 32 is bypassed. Thus, the temperature of the am- 
plifier 32 will not be significantly altered for the duration 
when the signal passes through the bypass path 34. 
[0063] In a preferred embodiment of the present in- 
vention, the look-up table stored in the control circuit 48 
is updated each time a switch is made between the by- 
pass path 34 and the path through the power amplifier 
32 Thus, during normal operation, the temperature be- 
haviour is learnt by the embodiment of Figure 3 to give 
optimum operation. 

[0064] Embodiments of the invention may extend the 
gain control range thus reducing the need to provide oth- 
er gain control blocks in the transmitter or in other cir- 
cuits of the mobile station. Thus the first gain control 
block 1 3 may be omitted. 

[0065] The operation of the second gain control block 
26 of Figure 3 has been discussed. It should be appre- 
ciated that the first gain control block may in association 
with a second power control amplifier with a bypass path 
be controlled in the same manner as the second gain 
control block 26, the power amplifier 32 and bypass path 
34. The first gain control block would operate at the in 
the intermediate frequency range whilst the second gain 
control block 26 operates in the radio frequency In an- 
other modification, the first gain control block 13, in ad- 
dition to the second gain control block 26 or as an alter- 
native to the second gain control block 26, can be used 
in the initialisation described herein before including as- 
sisting in the determining of the reference voltage Vref 
and the reference gain ILref and/or to control the gain 
of the signal applied to the power amplifier 32. The sec- 
ond gain control 26 may be omitted and the function 
thereof performed by the first gain control block 1 3. 
[0066] Also, it should be noted the power control can 
be achieved in other ways. For example, power control 
can be done partly in a digital base band section which 
will be discussed hereinafter with reference to figures 5 
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and 6. 

[0067] In one modification to the embodiment shown 
In Figure 3. a second higher coupling, coupler may be 
provided in series with t.h6 flrs^ coupler 38 ^nri ii.^Ari 

5 when the power level of the transmitted signal is low. 
This will typically occur when output of the gain control 
block 26 is coupled to the bypass path 34. When this 
occurs, a third switch will allow an output from the sec- 
ond coupler to also be input along with the output from 

10 the first coupler 38 to the RF to DC rectifier 44. The com- 
bined output of the first coupler 38 and the second cou- 
pler will generally be sufficient to provide a measurable 
value. The scaling required may be different from the 
situation where the first coupler 38 only is connected to 

IS the RF to DC rectifier 44. Thus, the scaling performed 
by the control circuit 48 may be dependent on the posi- 
tion of the third switch so as to take into account whether 
the RF to DC rectifier 44 receives an input from both the 
first and second couplers 38 or just from the first coupler 

20 38. When the path through the power amplifier 32 is 
used, the output only of the first coupler 38 is used. The 
third switch will in those circumstances prevent the out- 
put of the second coupler from being input to the RF to 
DC rectifier 44. In another modification to the present 

25 invention, either the first coupler 38 or the second cou- 
pler, but not both couplers at the same time, will be con- 
nected to RF to DC rectifier 44. Coupler 38 may for ex- 
ample be used when the power amplifier 32 is used 
whilst the second coupler may be used when the bypass 

30 path 34 is used. 

[0068] The coupler 38 can be replaced by any other 
suitable arrangement which is able to determine the 
power level of the output and provide a value to the con- 
trol circuit 48. The additional coupler mentioned herein- 

35 before can be omitted or replaced by any other arrange- 
ment which is able to augment the signal provided by, 
for example, a single coupler. Examples of suitable ar- 
rangements for augmenting the output of a single cou- 
pler are shown in US-A-5392464 (Nokia Mobile Phones) 

40 which is hereby incorporated by reference. 

[0069] Although in the embodiments of the present in- 
vention described hereinbefore the gain control of the 
second gain control block 26 is set to a maximum value 
when switching between the bypass path 34 and the 

45 power amplifier path 34 occurs, it should be appreciated 
that switching between the two paths may be arranged 
to occur at any other value of gain control of the second 
gain control block 26 as is required. The value of gain 
control may also vary in response to the mode of oper- 

50 ation of the transmitter 

[0070] A second embodiment of the present invention 
will now be described with reference to Figure 4. The 
arrangement in Figure 4 is similar to that shown in Figure 
3. The same reference numerals as used in relation to 

55 Figure 3 will also be used in Figure 4 for the same items. 
For convenience, the parts of the transceiver upstream 
of the second gain control block 26 are not shown again 
in Figure 4. The power amplifier 32 of Figure 3 has been 
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replaced in Figure 4 by a power amplifier module 32'. 
The power amplifier module 32* comprises three power 
amplifiers 52, 54 and 56. A first further switch 58 is pro- 
vided between the first and second amplifiers 52 and 54 
and a second further switch 60 is provided between the s 
second and third amplifiers 54 and 56. First and second 
switches 30 and 36, similar to those of Figure 3, are pro- 
vided at each end of the power amplifier module 32'. 
The arrangement shown in Figure 4 shows the use of a 
single coupler 38. However, two couplers as discussed io 
in relation to Figure 3 could also be used with this em- 
bodiment. 

[0071] Each of the further switches 58 and 60 re- 
ceives a control signal from the control circuit 48. The 
control circuit 48, as with the embodiment shown in Fig- is 
ure 3, controls the first and second switches 30 and 36, 
provides the control signal 28 to the second gain control 
block 26 and receives the output of the power detection 
RF to DC rectifier 44. When the desired power level of 
the signal to be transmitted (set by the control circuit 48) 20 
is in the first, lowest possible range of values, the output 
of the second gain control block 26 is directed by the 
first switch 30 to the bypass path 34. The further switch- 
es 58 and 60 are positioned so that none of the signals 
directed by the first switch 30 through the bypass path 2S 
34 passes through any of the power amplifiers of the 
power amplifier module 32*. The second switch 36 is 
controlled to connect the bypass path 34 to the coupler 
38. 

[0072] When the desired power level of the signal to 30 
be transmitted falls into the second, next lowest range 
of power values, the first switch 30 is controlled to allow 
the output of the second gain control block 26 to pass 
through the first power amplifier 52. However, the first 
further switch 58 is controlled to connect the output of 3S 
the first power amplifier 52 to the bypass path 34 so that 
the output of the second gain control block 26 only pass- 
es through one power amplifier. 

[0073] If the desired power level falls into the third 
range of power values, which are higher than the second 40 
range of power values, the output of the second gain 
control block 26 passes through the first switch 30 to the 
first power amplifier 52. through the first further switch 
58 to the second power amplifier 54 and through the 
second further switch 60 to the bypass path 34. In other 45 
words, the third power amplifier 56 is bypassed. 
[0074] Finally, if the desired power level falls in the 
fourth, highest range of power values, the output of the 
second gain control block 26 will pass through the first 
switch 30, the first power amplifier 52, the first further so 
switch 58. the second power amplifier 54, the second 
further switch 60 and the third power amplifier 56. 
[0075] The control circuit 48 controls the gain of the 
second gain control block 26 and the switches 
30,58,60,36 associated with the power amplifier module ss 
32' in the same manner as in the embodiment shown in 
Figure 3. However, three different reference gain values 
ILref and reference voltage values Vref will be stored. 



For example, initially the second gain control block will 
be controlled to have its maximum gain and the signal 
will only pass through the first amplifier 52. The output 
of the RF to DC rectifier 44 will be stored as Vrell by 
the control circuit 48. Next, the signal will be fed through 
two of the three amplifiers i.e. the first and second am- 
plifiers 52 and 54. The gain of the gain control block will 
be decreased until the output of the RF to DC rectifier 
44 Is the same as Vrefl. This gain value will be stored 
as ILref 1. The values of Vref and ILref will be used for 
transitions between the signal passing just through the 
first amplifier 52 and the signal passing through the first 
and second amplifiers 52 and 54. Likewise, reference 
values VrefO and ILO will be stored based on the situa- 
tion where the signal first passes only through the by- 
pass chain 34 and then passes through the first amplifier 
52 only. Values Vref2 and ILref2 will be stored when the 
signal passes first through only the first and second am- 
plifiers 52 and 54 and then through all three amplifiers 
52, 54 and 56. In the same manner as described in re- 
lation to the first embodiment, smooth transitions be- 
tween adjacent power ranges can be achieved. 
[0076] As with the previous embodiment, a tempera- 
ture sensor can also be included to compensate for var- 
iations in temperature. 

[0077] In this arrangement, the power amplifier mod- 
ule 32' is shown as having three amplifiers. It should be 
appreciated that any suitable number of amplifiers can 
be used. For example, two amplifiers can be used or 
more than three amplifiers can be used. 
[0078] A third embodiment of the present invention 
will now be described with reference to Figure 5. The 
same reference numerals as used in Figures 3 and 4 
will be used for the same items in Figure 5. Those items 
of Figure 5 which are the same as items of Figures 3 
and/or 4 will not be described again. 
[0079] Figure 5 shows a transmitter 61 with a digital 
predistortion means for linearising the response of a 
power amplifier module 32" and a bypass path 76, sim- 
ilar to the bypass path of Figures 3 and 4. The complex 
input signal is input to a digital power control block 90. 
the complex output signal of which is input to a digital 
predistortion circuit 64. The digital signal having I and Q 
components is input to a predlstorter 66 of the predis- 
tortbn circuit 64 which predistorts the digital complex 
signal to provide a predistorted complex signal with I and 
Q components. The distortion applied by the predlstort- 
er 66 is opposite to the distortion caused by the non- 
linearity of the power amplifier module 32". Thus when 
the signal distorted by the predlstorter 66 is Input to the 
power amplifier module 32". the output of the power am- 
plifier module is linear as compared to the digital signal 
prior to being input to the distorter 66. The predistorted 
I and Q components are output by the predistorter 66 
and input to respective digital to analogue (D/A) convert- 
ers 3a and 3b. The components between the digital to 
analogue convertors 3a and 3b are at the power ampli- 
fier module 32" are the same as in Figure 3 and will not 
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be described again. For convenience the complex sig- 
nal path through the predistortion circuit is represented 
by a single line. However, it should be appreciated that 

in nra/^tir^o thoro uuill Ko conarato I anri O nathc 

[0080] The power amplifier module 32" comprises 
three amplifiers 68. 70 and 72. The power module 32" 
may be replaced by power module 32' shown in Figure 
4 or the power amplifier 32 shown in Figure 3. in the 
power amplifier module 32" shown in Figure 5. a first 
switch 74 is provided between the second and third am- 
plifiers 70 and 72. The second switch 78 is arranged at 
the output of the power amplifier module 32". A bypass 
path 76 IS provided to bypass only the third amplifier 72. 
Accordingly, with the power amplifier module 32" shown 
in Figure 5, the output of the gain control block 26 is 
arranged either to pass through all three amplifiers 68. 
70 and 72 or to pass through the first two amplifiers 68 
and 70 and then bypass via bypass path 76 the third 
amplifier 72. The first and second switches 74 and 78 
control Ihe bypass path 76 in a manner similar to the 
switcTies 30 and 36 of Figure 3 and are controlled by 
control circuit 48. 

[0081] A coupler 38 is arranged to provide two outputs 
both of which have a power level which is much less 
than the power level of the signal to be transmitted. The 
tirsi output of the coupler 38 is to the RF to DC rectifier 
44 and as with the embodiments of Figures 3 and 4, pro- 
vides a measure of the power level of the transmitted 
signal The second output from the coupler 38 is input 
to a third mixer 80 The third mixer 80 also receives an 
input from the second local oscillator 8. The output of 
the third mixer 80 represents the signal, which is trans- 
mitted, but at the intermediate frequency instead of the 
radio frequency. The output of the third mixer 80 is input 
to an IQ demodulator 82 which also receives an input 
from the first local oscillator. The output of the demodu- 
lator 82 is therefore at the baseband frequency and in- 
cludes an I component and a Q component. The output 
of the demodulator 82 is connected to respective ana- 
logue to digital ( A/D) converters 84a and b via respective 
low pass filters 85a and 85b. The output of the analogue 
to digital converters 84a and b are input to the predis- 
torter 66. The paths from the output of the analogue to 
the digital converters 84a and b to the predistorter 66 
are referred to as the adaption paths 86a and b. The 
predistorter 66 Is arranged to compare the signals which 
are input to the predistorter 66 with the signals which 
are actually transmitted and which the predistorter 66 
has received via the adaption paths 86a and b. The pre- 
distorter 66 compares these signals which ideally 
should be the same. Based on the comparison, the pre- 
distorter 66 calculates corrected predistortion co-effi- 
cionts which are to be applied to the next digital signals 
to be output from the predistorter 66 so that the trans- 
mitted signals and signals to be input to predistorter 66 
are as similar as possible. If the signal to be transmitted 
is the same or similar to the transmitted signal it can be 
assumed that the predistortion applied by the predistort- 



er 66 has provided good compensation for the non-lin- 
earily of the power amplifier module 32". 
[0082] The non-linearity characteristics of the ampli- 
fier module 32" may C-h^nQ^ with tAmp^rpitiirA Accord- 
5 ingly. the predistortion applied by the predistorter 66 
may be continuously modified with the help of adaption 
path comparisons, taking into account the changes 
caused by, for example, changes in temperature. 
[0083] When the transmitted power level decreases 
10 so that the bypass path 76 Is used, the predistorter 66 
is switched off or bypassed. The position of switches 65 
and 69 are controlled by the control circuit 48 to prevent 
the signal passing through the predistorter 66. A second 
bypass path 67 having one path for the I component and 
IS one path for the Q component will instead be used for 
the input signal. Thus, the input signal will either pass 
through the predistorter 66 it the required power level 
for the transmitted signal is relatively high or through the 
second bypass path 67 ft the required power level for 
20 the transmitted signal is relatively low. The switches 65 
and 69 are controlled by the control block 48. The third 
amplifier 72 will be bypassed if the second bypass path 
67 for the Input signal is used. As the third amplifier 72 
is bypassed, the signal in the adjacent channels caused 
25 by the spectrum spreading is lew due to the low power 
level. Thus, the power consumed by the predistorter 66 
can be saved at lower power levels by switching off that 
predistorter. However, at higher levels where spectrum 
spreading to adjacent channels would be a more signif- 
30 leant problem, the digital predistorter 66 can be used 
[0084] Typically each of the three amplifiers 68. 70 
and 72 will provide the same amplification. Thus, if the 
amplification factor for each amplifier Is ten. the first am- 
plifier 68 will amplify the signal input to the amplifier 
35 module 32" by a factor of ten. This means that the output 
of a second amplifier 70 will be ten x ten as large as the 
input to the power amplifier module 32". The output of 
the third amplifier is thus ten x ten x ten as large as the 
input to the power amplifier module 32". All three ampll- 
40 tiers 68, 70 and 72 are used if a relatively high power 
level is required for the transmitted signal or the third 
power amplifier 72 Is bypassed if the power required Is 
relatively low. As the output power provided by the third 
amplifier is the greatest, it is the non-linearity of the third 
45 amplifier 72 which will cause most problems with spec- 
trum spreading to adjacent channels. Therefore, it is de- 
sirable that whenever the third amplifier 72 Is used, pre- 
distortion also be used. With the first and second ampli- 
fiers 68 and 70, the power level of the output of these 
50 amplifiers is relatively low so that spectrum spreading 
to adjacent channels is also relatively low. If spectrum 
spreading does occur, at the lower power levels, it Is un- 
likely to give rise to significant levels of interference. Ac- 
cordingly, the digital predistortion circuit 64 can be 
ss switched off thus saving power. 

[0085] If the power amplifier module 32" is replaced 
by that of Figure 4. the predistorter 66 will be switched 
off when the desired power level falls below a given lev- 
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el. This could be when ail of the amplifiers are bypassed, 
when two of the amplifiers are bypassed or even when 
one of the three annplifiers Is bypassed. 
[0086] The switching between the bypass path 76 and 
the path through the third annplifier 74 can be controlled 
in the same way as described in relation to the first and 
second embodiments, (n one modification to the embod- 
iment shown in Figure 5, the predistortion circuit 66 is 
only switched off when the bypass path 76 Is used and 
the gain of the second gain control circuit 26 has fallen 
below a given level. 

[0087] A modification to the embodiment shown in 
Figure 5 will now be described with reference to Figure 

6. 

[0088] Those items which are the same as those 
shown In Figure 5 have been marked with the same ref- 
erence numerals. Additionally, those items which are 
the same as those of Figure 5 will not be described 
again. The power amplifier module 32*" of Figure 6 com- 
prises three amplifiers 88, 90 and 92. A bypass path 34 
for the power amplifier module 32"' is provided. This by- 
pass path 34 is similar to that shown in Figure 3. Ac- 
cordingly, when the power level of the signal to be trans- 
mitted is below a certain level, the first and second 
switches 30 and 36 arc controlled, in the same way as 
described in relation to Figure 3. by the control circuit 
48 to cause the output of the second gain control block 
26 to be output via the bypass path 34. Switching be- 
tween the bypass path 34 and the power amplifier mod- 
ule 32"' occurs In the same manner as disclosed in re- 
lation to Figure 3. 

[0089] Bias control circuitry 94 controlled by the con- 
trol circuit 48 is now provided. The output of the bias 
control circuitry 94 provides a control signal 95 to the 
third amplifier 92 which provides the most significant 
power level of the signal from the second gain control 
block 26. The reasons for this have been discussed 
hereinbefore with reference to Figure 5. The bias control 
block 94 Is included in the predistortion circuit 64. As 
with the embodiment shown in Figure 5, when the de- 
sired output power level falls below a given level the pre- 
distorter 66 will be bypassed. When the predistorter 66 
is bypassed, the bias control circuit 94 changes the bias 
voltage applied to the amplifier. This changes the oper- 
ating characteristics of the amplifier 92 and for example 
may make its operation more linear. For example, the 
amplifier may operate as a B class amplifier when pre- 
distortion is provided and as an AB class amplifier when 
no predistortion Is provided. When the predistorter 66 Is 
used, the bias voltage applied by the bias control circuit 
94 causes the third amplifier 92 to operate non-linearly 
which is its most power efficient mode of operation. 
When the predistorter 66 is bypassed, the bias voltage 
applied by the bias control circuit 94 is such that the third 
amplifier operates linearly. This represents a power sav- 
ing, at bwer power levels as compared to the case 
where the third amplifier 94 operates nnore efficiently In 
a nonlinear manner but with the predistortion circuit 64 



switched on. 

[0090] When the bypass path 34 is used, the digital 
predistorter 66 will be bypassed. When the required out- 
put power is above a certain level, the output of the gain 

s control block 26 will pass through the power amplifier 
module 32"'. If the power level Is below a certain level, 
but above the level which would cause switching to the 
bypass path 34, the digital predistortion circuit 64 will be 
switched off and a suitable bias current applied to the 

10 third amplifier to cause that amplifier to operate linearly 
or more linearly. 

[0091] It should be appreciated that the embodiment 
shown in Figure 6 can be modified so that the bias con- 
trol signal Is applied to one, two or three of the amplifiers 
15 of the power amplifier module. 

[0092] If the bias voltage applied to an amplifier is 
changed, the gain of the amplifier may be altered. The 
gain change should be taken into account by, for exam- 
ple, adding a correction value to the current gain of the 

20 second gain control block 26. The correction value may 
be preprogrammed into a memory of the control circuit 
48. Alternatively, the control circuit 48 may be arranged 
so as to learn what correctbn value is to be applied 
when the bias voltage is first changed. The correction 

25 value may be altered in accordance with changes in 
temperature. In some embodiments of the invention, the 
correctbn value applied will depend on the temperature. 
The control circuit 48 may be arranged to "learn" how 
the correction value varies with temperature and thus 

30 store a look-up table providing a correlation between the 
temperature and the correction value. 
[0093] In one modrficatk>n to the embodiment shown 
in Figure 6, the bias control circuit 94 is not present. In 
this modification, the predistorter 66 Is only used when 

35 the signal from the gain control block passes through 
the power amplifier module 32"'. The predistorter 66 is 
bypassed when the signal from the gain control block 
passes through the bypass path 34 for the power am- 
plifier module 32". 

40 [0094] It should be noted that the bypass path, when 
provided, wilt generally have a stable gain even with 
changes in temperature. However, the gain of the power 
amplifiers may change with temperature. 
[0095] It should be appreciated that in all of the ilius- 

45 trated embodiments it may be required to introduce an 
amount of hysteresis to the reference values at which 
switching of the power level of transmitted signal occurs. 
If no hysteresis were present a situation may occur 
where when the desired power level continuously varied 

50 between a value slightly below the switching reference 
value and a value slightly above the switching reference 
value, the transmitted signal would be constantly 
switched from a high gain path to a low gain path and 
back again. This might be undesirable since switching 

55 might cause sudden phase changes to the transmitted 
signal. The provision of a hysteresis range about the ref- 
erence value would avoid this undesirable situation aris- 
ing. The hysteresis range can vary according to the type 
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of operation. For example a speech terminal might have 
different hysteresis range than a speech and data ter- 
minal. 

[OMfi] In all of thn illiistr^t^^ri Anrthodlm^ntS the ^Bin 

provided by the respective gain control blocks may be 

positive or negative. 

[0097] In all of the embodiments described hereinbe- 
fore it nr^y be desirable to decide the transmission path 
before actual transmission is started. This is because 
when the transmission path of the transmitted signal is 
switched, a phase change in the signal occurs and it has 
been found that some of the receivers used in CDMA 
systems that embodiments of the present invention are 
to be used in suffer a loss in performance if a sudden 
phase change in the transmitted signal occurs. This loss 
in performance occurs because in such CDMA systems 
it is likely that the base station averages the phase of 
the input signal for a period longer than a power control 
period in order to achieve better performance (it is 
known lhal phase averaging improves performance es- 
pecially in slowly fading channels). Typically, in such a 
CDMA base station, the signal phase is averaged over 
2-5 power control periods. If, as in the embodiments il- 
lustrated hereinbefore, the determination of the desired 
power level and hence the required transmission path 
occurs on a slot-by-slot basis, a significant performance 
loss may occur in the base station receiver, especially 
if the transmission path bypassing is occurring at sub- 
stantially the power level of a particular actual transmis- 
sion such that the transmission path switches between 
the first path and second path repeatedly during the 
transmission. However, if the transmissbn path is 
switched only once during a signal transmission, the 
loss in performance for a speech transmission remains 
acceptable. The transmission of power control com- 
mand included within the transmission signal must be 
performed before the next payload field within a slot. 
[0098] This may also be the best time to switch be- 
tween the transmission paths without effecting the 
measurement of the signal to interference ratio at the 
base station. 

[0099] Figure 7 shows part of a cellular communica- 
tion network in which the transmitter shown in Figures 
3 to 6 can be used. Cellular telecommunication net- 
works typically comprise a network of base stations 1 00, 
one of which is shown in Figure 7. Each base station 
100 is arranged to transmit signals to and receive sig- 
nals from mobile stations 102. Generally, radio waves 
are used in the communications between the base sta- 
tions 100 and the mobile stations 102. 
[0100] Preferred embodiments of the present inven- 
tion are incorporated in the mobile stations which are 
generally battery powered and as such power efficiency 
is of importance. However, embodiments of the present 
invention may be incorporated in any suitable radio fre- 
quency communication device. Embodiments of the 
present invention may be incorporated in a base trans- 
ceiver station. Embodiments of the present invention 



n 402 A2 22 

are particularly suitable for use In spread spectrum com- 
munications and. in particular, code division multiple ac- 
cess systems. However, embodiments of the present in- 

\/onttru-i maw alerx inr^li iHorl in r\tKor nolliilar tolorr\m- 

5 munication networks such as those using frequency di- 
vision multiple access, time division multiple access 
and/or space division multiple access. Embodiments of 
the invention are particular applicable to arrangements 
which require high power control and accuracy and high 

10 power control dynamic range such as certain CDMA 
systems. However it should be emphasised that embod- 
iments of the present invention are not limited to spread 
spectrum systems. 

[0101] Figures 8a-8b show further embodiments of 

IS the present invention, with those components common 
to the embodiment shown in Figure 3 labelled with the 
same reference numerals. Figures 8a and 8b show em- 
bodiments of the present invention suitable for the trans- 
mission of speech and data, wherein data transmission 

20 at 1 44kbps is transmitted via paths 32. The transmission 
path is decided before transmission is started in order 
to optimise the power consumption of the transmitter 
and to avoid sudden phase changes in transmitted sig- 
nal. During transmission the transmissk^n path may be 

25 switched, but certain rules may need to be followed. 
Those rules can be summarised as follows: 

1 . When transmission is started with a speech only 
signal, transmission path 34 is selected i.e. trans- 

30 mission occurs at a relatively low power level. 

2. If during a speech only transmission it is noticed 
that a higher transmission power level is required, 
transmission is switched to transmission path 32. 

3. If during a transmission started with a speech on- 
35 ly signal, it is required to also transmit a data signal, 

then a transmission path is switched to transmis- 
sion path 32, i.e. transmission at a relatively high 
power level. It should be noted that thetransmissk>n 
path switching should occur just before the data 
40 transmission begins. 

4. If transmission is started with a data signal and 
then transmission path 32, i.e. at a relatively high 
power level, is selected, independently of the initial 
required power level. 

45 5. If during a transmission of data signals, the data 
transmission is ended and transmission continues 
with a speech only signal, then the transmission 
path is switched from path 32 to path 34. the switch- 
ing occurring only after the data transmission has 

50 ended. 

6. If the transmission signal is known to always be 
a packed data transmission, a transmissbn path 
32, i.e. at a higher power level, is selected. It should 
be noted that transmission path 34 may be selected 

55 when no data packets are transmitted but only a 
lower bit rate control channel is transmitted at the 
k>wer power level path. 
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[0102] Embcxjiments of the invention may be ar- 
ranged to use direct conversion where the signals are 
directly converted from the baseband frequency to the 
radio frequency and not via an intermediate frequency 
It is also possible to use nriore than one intermediate f re- s 
quency in the transmitter. 

Claims 

10 

1 . A transmitter comprising: 

an input for receiving a signal; 
gain control means for applying a first gain to 
the received signal; is 
first path means for providing a second, rela- 
tively high gain for said received signal; 
second path means for providing a third, rela- 
tively low gain for said received signal; 
transmKter means for transmitting a signal; and 20 
control means operable, in use, to cause a re- 
ceived signal to pass through the gain control 
means and said first path means when a rela- 
tively high gain is to be applied to the received 
signal and to cause a received signal to pass 25 
through the gain control means and said sec- 
ond path means when a relatively low gain Is to 
be applied to said received signal, wherein 
when a change is made from using one of said 
first and second path means to using the other 30 
of said first and second path means, the power 
of the signal transmitted by the transmitter var- 
ies by less than or equal to a predetermined 
amount. 

3S 

2. A transmitter as claimed In claim 1 , wherein the gain 
of the gain control means is variable. 

3. A transmitter as claimed in claim 1 or 2, wherein 
said control means is arranged to ensure that the 40 
power of the signal transmitted by the transmitter 
means remains substantially the same when a 
change is made between said first and second 
paths. 

45 

4. A transmitter as claimed in any preceding claim, 
wherein measuring means are provided to provide 
a value indicative of the value of the power level of 
the signal transmitted by the transmitter means. 

so 

5. A transmitter as claimed in claim 4, wherein said 
measuring means provides a reference value when 
a signal passes through said second path means 
and gain of the gain control means has been set to 

a predetermined level, and the control means, when ss 
the measuring means provides the reference value 
when a signal passes through the first path means, 
causes a received signal to pass through said sec- 



ond path means. 

6. A transmitter as claimed in claim 5. wherein said 
predetermined gain level is the maximum gain of 
the gain control means. 

7. A transmitter as claimed in claim 6, wherein said 
maximum gain of the gain control means varies in 
response to the mode of operation of the transmit- 
ter. 

8. A transmitter as claimed in claim 5, wherein said 
predetermined gain level varies in response to the 
mode of operation of the transmitter. 

9. A transmitter as claimed in claim 5, wherein the 
transmission path Is selected prior to transmission, 
dependent on the mode of operation. 

10. A transmitter as claimed in any of claims 5 to 9, 
wherein when the change is made so that a re- 
ceived signal passes through the second path 
means, the gain of the gain control means is set to 
the predetermined gain level. 

11- A transmitter as claimed in any of claims 5 to 10, 
wherein when the measuring means provides a pre- 
determined value, when a received signal passes 
through said second path means, the control means 
causes a received signal to pass through said first 
path means. 

12. A transmitter as claimed in claim 11, wherein, when 
a signal passes through said first path means and 
the measuring means provides the predetermined 
value, the corresponding gain value defines a ref- 
erence gain value. 

13. A transmitter as claimed in claim 12 wherein, the 
gain of said gain control means is set at the refer- 
ence gain value when the control means causes a 
received signal to change to the first path means. 

14. A transmitter as claimed in claim 11, 1 2 or 1 3 when 
appended to claim 5, wherein said predetermined 
value of said measuring means Is the same as the 
reference value of the measuring means. 

15. A transmitter as claimed in claim 10 or any claim 
appended thereto, wherein when the control means 
subsequently causes the change from the first path 
means to the second path means, the gain value of 
the gain control means which causes a received 
signal passing through the first path means to pro- 
vide the predetermined value at the measuring 
means is stored as a new reference gain value. 

16. A transmitter as claimed in claim 5 or any claim ap- 
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pended thereto, wherein when the control means 
subsequently causes the change from the second 
path means to the first path means, the value ot the 
mAflj^iirinn meanf; rpiiised a received siGna! 
passing through the second path means when the 
gain of the gain control means is at the predeter- 
mined level is stored as a new reference value. 

17. A transmitter as claimed in claim 12 or any claim 
appended thereto, wherein a temperature sensor is 
provided and the control means is arranged to com- 
pensate the reference gain value for variations in 
temperature. 

18. A transmitter as claimed in claim 5 or any claim ap- 
pended thereto, where a temperature sensor is pro- 
vided and the control means is arranged to com- 
pensate the reference value of the measuring 
means for variations In temperature. 

19. A transmitter as claimed in any preceding claim, 
wherein the gain of the first and/or second path 
means is substantially constant 

20. A transmitter as claimed in any preceding claim, 
wherein the power level of the signal transmitted by 
the transmitter means is increased or decreased by 
said predetermined amount when changing be- 
tween the first and second path means. 

21. A transmitter as claimed in any preceding claim 
wherein said first path means comprises amplifier 
means. 

22. A transmitter as claimed in claim 21 , comprising 
predistortion means for predistorting the received 
signal prior to the signal passing through said am- 
plifier means, whereby said predistortion means is 
arranged substantially to compensate for non-line- 
arity of said amplifier means, the control means ar- 
ranged if the power level of the signal to be trans- 
mitted by the transmitter means is below a prede- 
termined level, the signal does not pass through 
said predistortion means and if the power level of 
the signal to be transmitted by the transmitter 
means Is above a predetermined level said re- 
ceived signal passes through said predistortion 
means and said amplifier means. 

23. A radio frequency transmitter as claimed in claim 
22, wherein bias control means are provided for 
controlling the biassing applied to said amplifier 
means, whereby if the power level of the signal to 
be transmitted by the transmitter means is above 
the predetermined level, then the amplifier means 
is controlled by the bias control means to operate 
non-linearly. 



24. A radio frequency transmitter as claimed in claim 
23, Vkrtierein when a power level of a signal trans- 
mitted by said transmitter is below the predeter- 
mined level, the amplifier means is contrc!!od by the 

s bias control means to operate substantially linearly. 

25. A transmitter as claimed in any preceding claim, 
wherein said first path comprises: 

^0 a plurality of amplifiers arranged in series: and 

said second path bypasses at least one of said 
plurality of amplifiers. 

26. A transmitter as claimed in any of claims 5 to 25, 
wherein said reference values comprise a range of 
values, whereby when switching occurs between 
power levels hysteresis occurs. 

27. A transmitter as claimed in claim 26, wherein said 
^0 range of values may vary depending on the terminal 

operation mode. 

28. A transmitter as claimed in any preceding claim, 
wherein said transmitted signal comprises speech 
signals or data signals or a combination of speech 
and data signals. 

29. A transmitter as claimed in claim 26, wherein when 
said transmitted signal comprises speech signals 

30 the power level of said transmitted signal is relative- 
ly low. 

30. A transmitter as claimed in claim 28. wherein when 
said transmitted signal comprises data signals or a 

35 combination of speech and data signals the power 
level of said transmitted signal is relatively high. 

31. A transmitter as claimed In any preceding claim 
when incorporated in a mobile station. 

40 

32. A method for controlling gain o1 a transmitted signal 
comprising the steps of: 

receiving an input signal; 

45 applying a first gain to the input signal; 

causing a received signal to pass through a first 
path providing a second, relatively high, gain 
when a relatively high gain signal is required 
and causing a received signal to pass through 

50 second path means providing a third, relatively 

low, gain when a relatively low gain is required; 
and 

controlling the gain applied to the input signal 
so that when a change is made using one of the 
55 first and second paths to using the other of said 

first and second paths, the power of the trans- 
mitted signal varies by less than or equal to a 
predetermined amount. 
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33 A irnnsmiUer comprising; 

,tn input for receiving a signal; 
t«."^i p ith monns for providing a first, relatively 
f urjf i lor said received signal; s 
c ci means for providing a second, rel- 
fv iv»vw qnin lor said received signals; and 
t.' ifv.rn.iief means for transmitting a signal and 
J. f>-.:zr..i fLonns lor selecting one of said first and 

-t •> prtihs taking into account the content of fO 
VI o focoivcd signal. 

34. A if.in-^nitiof ris Claimed in claim 33, wherein when 
i-^o cv*iu^'?: cJ sHid received signal comprise data 
siqr o ; cx»iroi Signals, said control means se- is 
lociv s-^-l! V iv-irA lof trnnsmission of said data sig- 
n^ii ^xj Is s-i<3 second path for a transmis- 

20 
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